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Removal of Inclusions from Cast Superalloy Revert
Yasushi Haruna

Synopsis : The problem of recycling superalloys has been studied in context of the metallurgical variables which affect the
re-use of the alloys in castings. The alloy, IN100, was chosen to represent the case of contamination by
nitrogen. It was previously suggested that the function of nitrogen contamination in IN100 is that of increasing
the level of microporosity, but the mechanism has not been determined. The alloy has been studied, using
directional solidification (DS) casting technique, for changes in microstructure and chemical analysis over a
range of compositions representing typical virgin and recycled materials.

It has been found that the function of nitrogen adds up to the constriction of interdendritic flow caused by
primary carbide precipitation, rather than to any fundamental change in the carbide morphology or composition.
It is suggested from the findings that the most logical process for the recycling of the alloy is EBCHR; the
recycled alloy with the appropriate melting technique should have the same properties in castings as the virgin

alloy.
Key words :

nickel base superalloy; nitrogen; cleanliness; recycling; revert; directional solidification (DS); electron beam cold

hearth remelting (EBCHR); segregation; interdendritic flow; microporosity; titanium nitride (TiN); saturation

solubility of TiN.
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Fig.4 Comparison of carbide shape distribution™. (P is a
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Table 1 Chemical composition of IN100 master ingot melted by
Cannon-Muskegon Corp.

(mass%, O and N ppm)

Cr Co Mo Al Ti V
9.90 | 15.00 | 3.26 | 5.46 445 | 0.97
C B Zr O N
0.168 | 0.015 | 0.050 5 9

Table 2 Chemical composition of nitrogen additive.

(mass%)
Cr N Fe C S
58.9 6.28 | 34.01 | 0.005 | 0.0002
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Fig.7 Macrostructure of DS IN100 samples.

Fig.9 Relationship between solidification morphology and
conditions®". (G: thermal gradient and V: solidification rate.)
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Table 3 Nitrogen contents in columnar region of DS IN100.

(ppm)
designation Bottom part Top part
IN100LN* 14 9
IN100OHN* 26 10

*LN: low nitrogen, HN: high nitrogen (nitrogen-inoculated) sample.

** An error for each analysis was +3 ppm.
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Fig.11 Variations of major elements during solidification in IN100.

Table 4 Segregation coefficient for major elements in IN100.

Segregation
coefficient Cr Co Mo \ Al Ti
Keale® 099 | 107 | 100 | 1.00 | 099 | 0.63
Kinans 093 | 100 | 067 | 085 | 0.80 | 0.70
* k., Was calculated from the results of analysis.
** Kyinary Was calculated using Ni-X binary phase diagram by

approximating the liquidus and solidus curves as straight lines.

45

HEZX—/N—T0OA « YIN— b SONEWRRE

RTESHINDEDITRILEUIER L TLVEL,

Table4 (CRT K DI, N1OOICHNTHERMKRELT
R4 MetizERT RIS, TicCoThY, TIIHMEAI
ColZEMRICRmIT T DIEEAN H D, INTOOITRIFIRRE "C%’J
47%DTiEEBELTIDH, MCRIEITEARE 2 S 1583K
HETIIEZBRARPICH 6 BT TRET D, ZDTIDR
HIITNDOTBICKESFEERITT I ENTFREIND,
413 U088

HEIRRETOINIOODRERME I 7 OMRIE, 7—2F
T4 MMEDFT U RSA MY NI O R, MCE—REY),
HE7-7" (Ni; (AL T)) BLUMHER Y TEHNTERS
ns,

4131 MCERALYIDDTHHRES KUHER

—BERERBPDT Y R4 MRERH TIE, MCR
EMIIFEAEDBET Y RSA MERICUBLTHY,
BRERGICEODTEASINGL, IHIE, MCRIEYDITE
BEPDEREEFEBDH1083K THE LIS, %HETD
BIERICFRBFINCZTTRENT T IDHTHD, LH
UMCRRAEMFREISE, BRBERHICK D TAREIEESN,
TV RSA SRERBAE TS, TEHERERE N LERRE
BREDEBEDOARE VEFTIEBockyB E Y, BICT R
Z4 M EBIE LR, SRERENRCBEEDIED/NS (VE
19 C3Chinese scriptBAMMCEREMI E LD TLVD, DL

TlIFNIBlockyBEI AR EIND, ZDHRIBlockyZA S
Chinese scriptEINMDBB BN EET D, CDDHRRE
Fig.1212, —ARERERBDRERGEEHE TERRIIC
A9, F/z, Tableb(Z, EDXBLUOWDXIZK WU nrensz
MCRILMDIEZM D &R T . BESN/BlockyZ2E LU
Chinese scriptZ(31ZIZE—D#EREEL, TNOMCER{EY)
DIEZEHDIE, NEEEDELBDINIOOINSXUHNTODZE
IIBHONEL DIz, FIDHERIZ, BEICHSEI N
DITERDN EFETH DI,

10" g l l
:\ Equiaxed
[ Solidification range
10° .

- of DS specimens

Morphology
transition area

Chinese script
carbide

Solidification Rate, R (mm/sec)

102k v
; Blocky
B carbide
Cﬁglumnar
107" 10" 10" 102

Thermal gradient, G (K/mm)

Fig.12 Carbide morphology boundaries with the solidification
conditions of DS specimens.

Sanyo Technical Report Vol.2 (1995) No.1



HEX— /=704 - YIN— b5 ONEMRRE

Table 5 Chemical compositions of MC carbides.

Type of MC carbide Composition
Blocky type (T 7aMO4 21V 04Cr 05) C
Chinese script type (Tig 76MOg 16V 05CT0 00)C

4-1-3:-2 TNn#
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MCRRAEMDIZE L THFIEL, RESIE 5 ~18 umE LLERY
REBLELDTH DI, INHIFERBERICHERLICTING
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Fig.13 TiN particle that acts as a nucleating core of blocky carbide.
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Table 6 Microporosity in the columnar region of DS IN100 samples.

Blocky carbide part Chinese script carbide part
Shape « spherical or elongated « irregular
Size * 10~50um in diameter * 5~30x10~50um in LN sample
+ 10~20x20~80um « 5~30x15~80um in HN sample
« in the dendrite « at the dendrite boundary

Location
. « at the dendrite boundary

Average areal+ 0.028% in LN sample
fraction + 0.040% in HN sample

+0.016% in LN sample
+ 0.024% in HN sample

46

RSA MEROHBY- V'ICELTAEEDELDNEET
%, Fc, BNMHROVAOROLT 11F, BNFICL
NTHNSBOFHERERZTY .
4-2 EBEARE

EBBARAKD EREREICIE, 27 EFIINDFLE
LENEMhEB LB IR EIND, 20T 7T M,
77ty MMCRIEMEALO;E TRRESND. 7 MO
ALOslE, BIHRDALONBERRITFELIZEDTHY,
MCERALDIT B EBFICBITHLICEDTHD, 57 Meld
T DNTEMERBIVBREE NI D7 MEMELE
BN BN & E1FIZEF TH DIz, (Table 7)o

Table 7 Summary of constituents and normalized raft area
(NORA) of EB remelted IN100.

Constituents NORA (cm?2/kg)
INTOOLN | « Al,O, and faceted MC carbide 15:1
INTOOHN | « Al,O, and faceted MC carbide 16.8
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Fig.14 Microstructure of EB remelted button sample of IN100.
(Photograph was taken from top of the sample.)
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Fig.15 Dependence of the solubility of nitrogen in IN100
calculated from equation (5) on nitrogen partial
pressure and temperature.
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Fig.16 Effect of titanium segregation on the solubility product of
TiN in IN100.
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